ABSTRACT: Most fixed-time insemination protocols utilize an injection of GnRH at the beginning of the protocol to initiate a new follicular wave. However, the ability of GnRH to initiate a new follicular wave is dependent on the stage of the estrous cycle. We hypothesized that administering PGF 2α 3 d before initiating a fixed-time AI protocol would improve synchrony of follicular waves and result in greater pregnancy success. Therefore, our objective was to determine whether inducing luteal regression 3 d before a fixed-time AI protocol would improve control of follicular turnover and pregnancy success to fixed-time AI. Multiparous crossbred cows at 3 locations (n = 108, 296, and 97) were randomly assigned to 1 of 2 treatments: 1) PGF 2α [25 mg; intramuscularly (i.m.)] on d −9, GnRH (100 µg; i.m.) and insertion of a controlled internal drugreleasing device (CIDR) on d −6, PGF 2α (25 mg; i.m.) and CIDR removal with PGF 2α (25 mg; i.m.) at CIDR removal on d 0 (PG-CIDR) or 2) GnRH (100 µg; i.m.) and insertion of a CIDR on d −5 and CIDR removal with PGF 2α (25 mg; i.m.) at CIDR removal and 4 to 6 h after CIDR removal (5-d CIDR). Cows were timeinseminated between 66 and 72 h (PG-CIDR) or 70 to 74 h (5-d CIDR) after CIDR removal, and GnRH was administered at the time of fixed-time AI. At location 1, ovulatory response to the first injection of GnRH was determined by ultrasonography at the time of GnRH and 48 h after GnRH administration. Among cows with follicles ≥10 mm in diameter, more (P = 0.03) PG-CIDR-treated cows ovulated after the initial GnRH injection (88%, 43/49) compared with the 5-d CIDR-treated cows (68%, 34/50). Pregnancy outcome was not influenced by location (P = 0.96), age of the animal (P = 1.0), cycling status (P = 0.99), BCS (P = 1.0), or any 2-way interactions (P ≥ 0.13). However, pregnancy success was influenced by synchronization protocol (P = 0.04). Pregnancy outcome was greater (P = 0.04) for the PG-CIDR protocol (64%) compared with the 5-d CIDR protocol (55%). In summary, control of follicular turnover was improved by inducing luteal regression 3 d before initiation of a fixed-time AI protocol, and pregnancy success was improved with the PG-CIDR protocol compared with the 5-d protocol.
INTRODUCTION
Consistent control of follicular development is essential for the development of estrous synchronization protocols that result in increased conception rates without estrus detection. Gonadotropin-releasing hormone can induce ovulation of dominant follicles >10 mm in diameter (Ryan et al., 1998) . However, the ability of an injection of GnRH to induce ovulation is dependent on the stage of the estrous cycle, and across days of the estrous cycle, only 66% of beef cows responded (Geary et al., 2000) . Increased concentrations of progesterone have been associated with a decreased GnRH-induced LH surge (Colazo et al., 2008) . Among heifers, increased concentrations of progesterone had a negative relationship with area under the GnRH-induced LH curve and ovulatory response (Perry and Perry, 2009) , and inducing luteal regression 3 d before an injection of GnRH increased the control of follicular turnover and growth (Grant et al., 2011) .
Induced ovulation of small follicles at the time of fixed-time AI resulted in decreased pregnancy success (Perry et al., 2005; Sá Filho et al., 2010) , but when animals were detected in standing estrus ovulatory follicle size had no impact on pregnancy success (Perry et al., 2005) . In addition, cows in estrus at the time of fixed-time AI had increased pregnancy success compared with cows not in estrus (Perry et al., 2005; Sá Filho et al., 2010) . At a constant ovulatory follicle size, cows with a longer proestrus had increased concentrations of estradiol and increased pregnancy success compared with cows with a short proestrus (Bridges et al., 2010) . Therefore, controlling follicular development to optimize follicle size and estradiol exposure can play an important role in achieving maximum pregnancy success. Therefore, the objectives of the current studies were to determine 1) if inducing luteal regression 3 d before an injection of GnRH improved control of follicular turnover, and 2) if inducing luteal regression 3 d before a modified controlled internal drug-releasing device (CIDR) protocol improved pregnancy success compared with the 5-d CIDR protocol.
MATERIALS AND METHODS
All procedures were approved by the South Dakota State University Institutional Animal Care and Use Committee.
Experimental Design
Multiparous postpartum beef cows at 3 locations (n = 108, 296, and 97 for locations 1, 2, and 3, respectively) were randomly allotted to receive either 1) the PG-CIDR protocol {an injection of PGF 2α [25 mg as 5 mL of Lutalyse intramuscularly (i.m.); Pfizer Animal Health, New York, NY] on d −9, an injection of GnRH (100 µg as 2 mL of Cystorelin i.m.; Merial, Athens, GA; except at location 1 where 27 cows received Cystorelin and 27 cows received Factrel; Pfizer Animal Health), and insertion of a CIDR (Pfizer Animal Health) on d −6, and a PGF 2α injection and CIDR removed on d 0; Figure 1} , or 2) the 5-d CIDR protocol [GnRH (100 µg as 2 mL of Cystorelin, except at location 1 where 27 cows received Cystorelin and 27 cows received Factrel) on d −5 and insertion of a CIDR, and on d 0 CIDR removal with PGF 2α (25 mg; i.m.) at CIDR removal and 4 to 8 h after CIDR removal; Figure 1 ]. Cows were time-inseminated between 66 and 72 h for the PG-CI-DR protocol (based on data from a preliminary experiment; Figure 2 ) or 70 to 74 h for the 5-d CIDR (based on data from Bridges et al., 2008) after CIDR removal and GnRH was administered at the time of fixed-time AI. At all locations, initiation of treatments and timing of CIDR removal was varied to allow insemination of both treatments to occur in the morning. At location 1, PG-CIDR cows were inseminated at 0700 h and 5-d CIDR cows were inseminated at 0830 h, and at location 3, both treatments were inseminated at the same time between 0700 and 1000 h. At location 2, weather events would not allow the insertion of the CIDR for the 5-d protocol to occur the day after insertion of the CIDR in the PG-CIDR protocol; therefore, protocols were inseminated on separate days, but timing of CIDR removal was varied to allow insemination of both treatments to begin at 0800 h.
At location 1, AI was performed by a single technician to 1 of 10 sires that were allotted to both treat- ments. Cows were observed for signs of standing estrus beginning 72 h after fixed-time AI for 30 d and inseminated after detection in standing estrus. Fixed-time AI pregnancy success was determined 38 d after fixed-time AI by transrectal ultrasonography. At locations 2, cows were inseminated by 1 of 2 technicians to 1 of 4 bulls that were equally allotted to each of the 2 treatments, and at location 3 cows were inseminated by a single technician to 1 of 7 sires that were allotted to each treatment. Bulls were withheld from cows for at least 10 d after AI. Pregnancy success to fixed-time AI was determined by transrectal ultrasonography 76 to 82 d after AI at location 2 and 35 d after AI at location 3 by transrectal ultrasonography.
Transrectal Ultrasonography
At location 1, transrectal ultrasonography was performed on d −6 (day of first GnRH injection) and d −4 for cows in the PG-CIDR group and on d −5 (day of first GnRH injection) and d −3 for cows in the 5-d CIDR group to determine ovulatory response to the first injection of GnRH (d 0 = day of CIDR removal). Transrectal ultrasonography was performed using an Aloka 500V ultrasound with a 7.5-MHz transrectal linear probe (Aloka, Wallingford, CT). All follicles ≥8 mm in diameter were recorded. Follicle size was determined by averaging follicular diameter at the widest point and at a right angle to the first measurement using the internal calipers on the Aloka 500V. Ovulation was defined as the disappearance of a previously recorded large follicle from an ovary. At all 3 locations, fixed-time AI pregnancy success was determined by the presence of a viable fetus (presence of a heartbeat), and crown-rump length was used to determine fetal age.
Body Condition Scoring, Blood Sampling, and RIA
Body condition scores were determined on the day of CIDR insertion based both on visual observation and palpation of the ribs and vertebrae (1 = thin and 9 = obese). At location 1, blood samples were collected on d −18, −9, and −6 (PG-CIDR cows) or d −18 and −5 (5-d CIDR cows) by jugular venipuncture into 10-mL evacuated tubes (Becton Dickinson, Franklin Lakes, NJ) for determination of serum concentrations of progesterone. At location 3, blood samples were collected on d −21 and −9 by jugular venipuncture into 10-mL evacuated tubes for determination of serum concentrations of progesterone. Circulating concentrations of progesterone were analyzed in all serum samples using methodology described by Engel et al. (2008) . Intraand interassay CV for progesterone assays were 1.8 and 6.2%, respectively, for location 1, and 4.2 and 6.9%, respectively, for location 3. Assay sensitivity was 0.4 ng/mL. At both locations, animals were classified as estrous cycling if concentrations of progesterone were >1 ng/mL in at least 1 of the blood samples. If concentrations of progesterone were <1 ng/mL in all blood samples, animals were considered to be anestrous.
Statistical Analysis
Differences between treatments in the percentage of cows that ovulated and estrous cycling status within a location were determined by χ 2 analysis in PROC FREQ (SAS Inst. Inc., Cary, NC). Differences in postpartum interval and BCS within a location were determined by ANOVA in SAS using PROC GLM. When a significant (P ≤ 0.05) effect of treatment was detected, least squares means were separated by the PDIFF option of SAS. Influence of treatment, location, cow age, estrous cycling status, BCS, sire, and all 2-way interactions on fixed-time AI pregnancy outcome was determined using the GLIMMIX procedure of SAS. No 2-way interactions were significant (P ≥ 0.15), and therefore all interactions were removed from the model. Main effects were removed in a stepwise reducing method, and the final model consisted of treatment and location.
RESULTS
At location 1, there were no differences in postpartum interval (P = 0.78; 74 ± 2 and 74 ± 2 for PG-CIDR and 5-d CIDR, respectively) or BCS (P = 0.78; 5.3 ± 0.08 and 5.2 ± 0.08 for PG-CIDR and 5-d CIDR, respectively) between treatments. There was a difference (P = 0.04) between treatments in estrous cycling status [38 and 58% for the PG-CIDR and 5-d CIDR groups, respectively). Ovulatory response did not differ between Cystorelin and Factrel in ovulatory response after the first injection of GnRH among all cows [P = 0.39; 76% (41/54) and 69% (37/54); respectively] or when only cows with follicles ≥10 mm in diameter at time of GnRH were included [P = 0.43; 82% (41/50) and 76% (37/49); respectively]. Therefore, GnRH treatments were combined. However, more (P = 0.03) cows treated with the PG-CIDR protocol ovulated after the first GnRH injection compared with cows treated with the 5-d CIDR protocol [80% (43/54) and 63% (34/54), respectively]. In addition, when only cows with follicles ≥10 mm in diameter at time of GnRH were included, more (P = 0.03) PG-CIDR-treated cows compared with 5-d CIDR-treated cows ovulated in response to the first GnRH injection [88% (43/49) and 68% (34/50), respectively].
At location 2, PG-CIDR cows had a longer postpartum interval (P < 0.01; 71 ± 1.2 d) than 5-d CIDR cows (65 ± 1.1 d), but at location 3, postpartum interval did not differ (P = 0.58) between treatments (80 ± 2.0 and 81 ± 2.0 d, for PG-CIDR and 5-d CIDR, respectively). Body condition score at location 2 did not differ between treatments (P = 0.60; 5.5 ± 0.05 and 5.5 ± 0.05, for PG-CIDR and 5-d CIDR, respectively), but at location 3, cows in the PG-CIDR treatment tended (P = 0.07) to have less body condition compared with cows in the 5-d CIDR treatment. At location 3 there was no difference (P = 0.74) between treatments in estrous cycling status (38 and 41% for the PG-CIDR and 5-d CIDR groups, respectively).
Fixed-time AI pregnancy outcome was not influenced by age of the animal (P = 1.0), BCS (P = 1.0), sire (P = 1.0), estrous cycling status (P = 0.99), or any 2-way interactions: age × BCS (P = 1.0), treatment × sire (P = 1.0), age × sire (P = 1.0), BCS × sire (P = 1.0), cycling status × sire (P = 1.0), treatment × age (P = 0.99), cycling status × BCS (P = 0.98), treatment × BCS (P = 0.97), age × cycling status (P = 0.77), cycling status × location (P = 0.71), treatment × location (P = 0.64), location × BCS (P = 0.63), age × location (P = 0.38), or treatment × cycling status (P = 0.13) . However, location (P < 0.01) and treatment (P = 0.04) did influence fixed-time AI pregnancy outcome. Fixed-time AI pregnancy outcome was greater at location 3 (70%; P < 0.01) and location 1 (63%; P = 0.03) compared with location 2 (53%), but did not differ between location 1 and 3 (P = 0.53). Furthermore, fixedtime AI pregnancy outcome was greater (P = 0.04) for the PG-CIDR protocol (65%, 160/248) compared with the 5-d CIDR protocol (55%, 136/249; Figure 3 ).
DISCUSSION
Administration of exogenous GnRH has been utilized to ovulate dominant follicles and to synchronize follicular waves in both heifers and cows (Bo et al., 1995) , and several estrous synchronization protocols have been developed that utilize an injection of GnRH at the time of CIDR insertion to try to better control follicular development (Lamb et al., 2010) . However, across all stages of the estrous cycle, only 66% of animals ovulated in response to an injection of GnRH (Geary et al., 2000) . Among cycling cows, 0, 75, 67, 50, and 58% of cows ovulated in response an injection of GnRH on d 2, 5, 9, 13, and 18 of the estrous cycle, respectively (Atkins et al., 2010a) , and among anestrous cows, only 36% ovulated in response to a single injection of GnRH (Atkins et al., 2010b) . Concentrations of steroids at the time of GnRH administration are known to influence the magnitude and duration of the GnRH-induced LH surge (Price and Webb, 1988) . In the present study, inducing luteal regression 3 d before the injection of GnRH increased the percentage of animals that were induced to ovulate compared with animals that were given the initial injection of GnRH at random stages of the estrous cycle. Priming of the pituitary gland to release LH is thought to be controlled by estradiol (Reeves et al., 1971; Kesner et al., 1981; Padmanabhan et al., 1982) . However, progesterone is capable of suppressing the expression of GnRH receptors, and removal of progesterone alone was not sufficient to increase expression of GnRH receptors (Nett et al., 2002) . Therefore, a decrease in progesterone and an increase in estradiol may be important in initiating an increase in LH release. When an injection of PGF 2α is administered (between d 6 and 16 of the estrus cycle) to animals having normal estrous cycles, the majority of animals will regress their corpus luteum and exhibit estrus within 5 d, with the peak in estrus activity occurring between 60 and 80 h (see review by Lauderdale, 2009 ). Therefore, administering an injection of PGF 2α 3 d before an injection of GnRH will decrease progesterone, increase estradiol, and allow for the majority of cycling animals to be in estrus around the time the first GnRH injection is administered. When luteal regression was induced 3 d before the GnRH injection and insertion of a CIDR in beef heifers, circulating concentrations of progesterone were decreased and less variable compared with heifers that received an initial injection of GnRH at random stages of the estrous cycle. The decrease in circulating concentrations of progesterone tended to increase LH pulse frequency and decrease the variance in follicle size at CIDR removal (Grant et al., 2011) .
In addition, among heifers that received an injection of PGF 2α 3 d before CIDR insertion, circulating concentrations of progesterone decreased after the injection and were maintained between 1.0 and 3.0 ng/mL when the CIDR was in place, but circulating concentrations of progesterone ranged from 1 to 6 ng/mL and were more variable in heifers that did not receive the PGF 2α (Grant et al., 2011) . Previous studies have reported that smaller doses of progesterone increased LH pulse frequency (Roberson et al., 1989; Kojima et al., 1992) . Increased LH pulse frequency during periods of decreased progesterone could drive increased follicular growth rates (Fortune, 1994) . Likewise, LH pulse frequency was less variable among heifers that received PGF 2α before insertion of a CIDR compared with heifers that did not, and increased follicular turnover and decreased variation in concentrations of progesterone, LH pulse frequency, and variation in follicular diameter among heifers treated with the PG-CIDR treatment resulted in a more consistent ovulatory follicle diameter and tighter synchrony of estrus (Grant et al., 2011) .
Fixed-time AI pregnancies were greater for the PG-CIDR protocol compared with the 5-d CIDR protocol. Ovulation of small follicles at the time of fixed-time AI has been reported to decrease pregnancy success (Perry et al., 2005) . Furthermore, animals that ovulated in response to an injection of GnRH 9 d before fixed-time AI had larger follicles compared with animals that did not ovulate in response to the initial injection of GnRH (Atkins et al., 2010a) . In the present study, 88% of cows synchronized with the PG-CIDR protocol ovulated in response to the initial GnRH injection compared with only 68% of the cows treated with the 5-d CIDR protocol. Presynchronization with an injection of PGF 2α has increased pregnancy success to fixed-time AI in dairy cows (Moreira et al., 2001; El-Zarkouny et al., 2004; Navanukraw et al., 2004) . Furthermore, when a new follicular wave was initiated at the start of a fixed-time AI protocol, the percentage of grade 1 and 2 embryos, the total number of blastomeres, and the proportion of live blastomeres were increased compared with cows that did not initiate a new follicular wave (Cerri et al., 2009) .
In the present study, PG-CIDR-treated cows at location 2 were further postpartum than cows in the 5-d CIDR treatment. In addition, cows treated with the 5-d CIDR protocol at location 3 tended to be in better body condition than cows treated with the PG-CIDR protocol. Both BCS and postpartum interval can have a tremendous impact on estrous cycling status at the start of the breeding season and pregnancy success to a fixed-time AI protocol (Lamb et al., 2001) . Lamb et al. (2001) reported that every unit increase in BCS resulted in a 16.3% increase in the percentage of cows estrous cycling and a 22.9% increase in pregnancy success to fixed-time AI. In addition, Houghton et al. (1990) reported that cows in a BCS of 3, 4, or 5 had a longer postpartum interval than cows in a BCS of 6 or 7 (89, 70, 60, 52, and 31 d, respectively). However, BCS did not have a significant impact on pregnancy outcome. This is likely because cows treated with the 5-d CIDR protocol at location 3 only averaged 0.2 units better body condition, and BCS of both treatments was 5.5 or greater. No difference was detected in the percentage that had initiated estrous cycles. At location 2, cows treated with the PG-CIDR protocol were 5 d further postpartum than cows treated with the 5-d CIDR protocol (71 and 65 d, respectively). However, postpartum interval did not have a significant impact on pregnancy outcome. This is likely due to all cows at all locations being >30 d postpartum, and the major contributors to infertility that can be managed are uterine involution, the anestrous period, and short estrous cycles (Short et al., 1990) . However, by 30 d postpartum, uterine involution is not a major contributor to herd infertility (Short et al., 1990 ). Exposure to a CIDR for only 6 d was able to induce estrous cycling activity in 90% of postpartum (12 to 42 d) anestrous beef cows in appropriate BCS (Perry et al., 2004) . In addition, exposure to progesterone for 5 (Smith et al., 1987) or 6 (Perry et al., 2004) d resulted in 100% of cows ovulating having a normal-length luteal phase. More cows treated with the 5-d CIDR protocol at location 1 had initiated estrous cycles compared with cows treated with the PG-CIDR protocol. A previous study reported increased conception rates among cows that had initiated normal estrous cycles before synchronization compared with cows that were anestrous (Larson et al., 2006) . However, in the present study, there was no treatment × cycling status interaction.
In summary, induction of luteal regression 3 d before the initiation of a modified CIDR (PG-CIDR) protocol resulted in increased pregnancy success compared with the 5-d CIDR protocol. In addition, induction of luteal regression 3 d before the injection of GnRH at the initiation of the PG-CIDR protocol resulted in increased incidence of ovulation after the injection of GnRH. Therefore, better control of follicular development at the initiation of the CIDR protocol may have contributed to the greater pregnancy success.
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